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AJ,U!|i;!s .:?i¥jv«4; Tw^ s^jic.is jy CMjjyfl^lii piiToi this Wma h 

tifJrtStorajJfrjlliJ ;¥?«¥vili :yR- {(^rais^iO!l -^xijfe; sxi^jii 

ibfte^f i);!W:!fi^;«5 iii uiiitt! a;:iici<:s M rsvkwi;. ^fe^^r!;^i5 jfj shis i;^ 

C'JvitKd by IKS skmwMi«*d oij-jsgla; 



C^i'uiw S8r4ffi lilt fic^iifscy (jiuaj jf,f«:iaa f<mi& m :«-.te:hR 

.^iSilfolly svjEjtK i;;K<;c;s: fhs.&)iJlSS. fes, .«.p»bMs5 S^saiiwwig 

JiK », KiiiV'S, >;sc! .^M\^, ;&vS fSyt^fS <;ffi{V f^fert » fete iJKfeaiOij S!K! 
lilJiivt i;; Ite: ;«! 3;t mxo^isa- v^iii; :i?<;y>n«!S:;as;j(!n5 ss/^fKlic^ J ; 'k 
to «f {ishla&« Emw, Is ei os^da^ fi^:s«*,, chwsi; §^s«>tl^ 

i:;iy;:4 fiXfe^e iSKiT fe;' il;,;^ fhj;;^ ^ ^ 

A(J«!Sj;;si;s;:w (fyA; ck;rs!;;- ;;; ;;:::!::Kt;ui ;'e::^^>vS: s<fl|.-.:^s. j; ix ji;^ 

«!;!-!is.; ^^is^.; liiis w/sk, vail cvr asfef -^wyics vkD^-'W!;; ; SV;; 

)03v to (3y:} m-m/im^-M «ii 




if> i:f^e ^.^(^^ ^(^ mm h s cii'ds a^; ;tifiuD'^s\^ ^ifss . , , ti^e 
;i! r\iim\ i)f tJE -fisjsit s-x- OTs)!?? -ijv pi;'j;;)ir!!i rfiH tm. only 

fCi! t!^5 f!^0' ion Sf^Ci Oi' t^e fiSsft 



Wiliiaiii H&i'vey'S proof that tiie iieari is a inujicukir punip overd'irew 
tiie view, vhich, had (loniinassd. Euro|;)ean thoiigiii for iis&re tiian i,iji)0 
ye<i!^, li^J^t the kMi is soisree of ik bcdy'^ kM.. Aj'kiugli this iisads 
it possii)ie for IStiv- i9tii-€enti:rv Jij^atcniicas pailiolagisti^ io ursdei- 
stand aiiiioniiaiitiev m piinip fiiuctios iKasz, 199?, !,99Sil it was n(;i: yniii 
tiie ;;:;i,(i li)50s iirat «ilori3 to liiidisstiUKi tiie hearibeat kgajs to use: -i^m 
mimmfs^ d ceil biochemist ?!i)d biopii|:>ica (Katz aiid [.orelL 
2000). Ai tiie ead of tiie 20th ceritiii^', .disciyvgrii?s in uiolijaiiar biology 
.n]ad?;,>t. pos:sibie to itiiderjtand \m abnorntaiilies tnvolving ?peciiic prc!^' 
teijis; i)i!;dily cardiac, perionMiiCS (Kitts aiid Kafe, I9!?li. Ihm imnp 
mmd m Mom mmm architectare tiiat (>rganizes tiie hm 
elecixical activity 3tul *mxiam:its.riechajilcal Mtkm {Mz MMi 

The hsMi k made u|) of. lour p;ts:ipi.;]g chaste: thg rrgM snd fefj 
i.i5,e r>p.i: and ki/i v^Mmk^ (Fi| Aln':ij?en^rje,di;.r 
t^ij&iij k hmmi ths cavi'ies of the atria and veiitrieies: i;7?i^(;p?it 
j'ijfce on the right ao,d the mitml VQbs or; tiis; h;h. Smnhmirr vmi 
natned for tirdr crBscaot-shsped aisps, &i?p3rale each vetitride fruj^; its 
great a?t.??y: the vube kmm tiie right ventride aiid pail- 
li^osiarv sriei'v arid ilie wik mm hmmn the left veniikie and aoita.. 
All fsiir vaives lie iji; a piane ^^ihk a cannective tisiiie 'skei^tG)!' tlrat 
aeptpii;s ilia urn atid yi^mm ^iMz which ttie sririifd, trietif id, at5d 



4 tmm, m^^^. ^^m^^ 




fWi^ i"i SJisior stfuciufss \n i tmmtmi^i om^^ after trsftssdJon sSli^tly sftt?-- 



aortic vte susrouftd a fibrous iiiaagie called tk c^nM fikm 10 
(Fi| l"2j, The heart's ilnous sttton/wlucii can k vimd as a con- 
nective tissue "insaktof separating d.eetrisally active cardiac nivogtes 
in the atrM atid ^aitricles, is pnt^trated by tlie AV i^miovmtricukr} 
bunik {also dkd tk c()??s??fo?j ^imflli? or l?«mlfe a/M); a strand of 
specialized cardiac mvsck that iiornisliv pro^ddss the only ekctrical 
iXiiiiieirdoB between [he atrisi asid veulrides. DioBsge (a (Ms criucal 
cotichjcting sixydure ii< an impos:tai]t mm of .AV block (Ctepier 16), 
Wheiitlie iseari is viewed km iiie ap^x, tlie rounded rnargir: of tb.e leil 
v^iitricie loniis m obuifje angk, whereaii the HUirgin (5i tlie right.v(;otn- 
de is sliarpei" like acoie angle: iliis expisini; use ol iiie ieniis 
;?i(rrgi?:;i^^ m acuU mriiml m iianiirig bmnckes oi this csroiiarj?^ 
arteries {;;$e beiow), 

The sei)iii«naf soriie aiid piiliriririas^ vtdvs (lisps are suppoitsd, by 
thick mmm tm§m, Skm of V&kdm. m behind ti«ih of ik 
aoriic vtdys cusps; the aiit^^loraRd. left, ppstw- sij«s com the ori^ 
lives ot eoroi^aiif arteries, wlie tire rigki pmm^ site;() called ^M nBrh 
mtm^ does \m give rise to a coionary srtcsy iFig. 1^2), The 
larger cusproi ie mHml imd tricuspid nhmw teiered at MrRssr- 
ps: fiijrotis ?Aorili?€ that aitaeh to p^pilkrj mdm^ which 

"fingerjj ■ ofm^w Am timi pmjeet into the light andlrft ventrku.- 
cavltkji. {Fig. Hj. Much as the §tras4^ of a pamciiate wiror? a sky- 
diver's kmeas, severtH chordss teridiii^e m od each papillary 
ffiuscie to the valve .siarpi.. Imt^ of. the eojsedve Mm supnorting 
;:he imtrijl valve can allow the k&iks in iHove ba^texd (ptelapsci into 
the atria mm Intiwtncukr prwm im d'oring systole (Hecksr and. 



POSI'ERIOR 




ANTERIOR 

FJOURE 1 -2 SCh^NiiDtiC iiiiKifaa; ov ixii; ?iaro!,; = ■iKel^ton cfih^i mm ;rcf5\ s^Ji)V^, 
sfio^ving the 4 viiivss sna ifse summixj^^ {AVf Dusdisi that cro^^fis ifiis insyi^t;;^^ 
£aict>i!-e ti^r^iigi^ m mitmmm m. Sirxis&s of V^issivs iis sefilnd itss ^soft!;; ^<^e 
<m,m of m(h giv« rise to cowv «d Ths otmm f>? ttew fs'iain (if^) lies in 
tn«i left posisrior sinos apj wi^iij? aiut ths ngiu QrofiSr y mt'm iisij the finti$- 
Hof sffiijs SA); tftirci sinus o?V3l«aiya.tf)e.ri8t5t ptJfeior ii?P!. is caited mtm^^ 
iwf^ limm Urn mt MrMm coronsn/ srisiry rSie^J^i^rpof ri^nt tsrSer of 
tiw ^ssit tes the Memi-giti u mtt mMmmm is the olnmrfm^n, 

deWit, lS/9), the abiionnal vaive operiiiig, which can cause asi aiidibls 
"did;' :;ia^ perinit blood to lealr into the ieil: atiiurti {j^iilxal regUiiita^ 
iioii). causing a late systolic m^m. This syndrome, called mmd vm 
0l{ipM, k ohen of iio ciinicai sigriiiicatu:e; hot wliei! caiised by con- 
Bective mm dj;iomaiities, significaiit rniirai ■egurgiiation can oceei, 
Rupture of a pm^ij^ iuusde, wliicli sometiines occu.s's aiter iuyocardisl 
MmM (see Cirapter 17}, «s severe. ontroJ regurgiiation sod is oitcn. 

Arciiitecturs of M Walls of the *r; 

The tbln-wailed.sttria, ^^iiicl! devdap t^l&iivcly low pressiiscs, coo- 
(airi ridges d eiyocsrdiurir cdied pecimii nrmcies M reijreseju 
psttrentisl conducting, pathways lialiing the sitioatiiai (SA) and AV 
rtodes; tliese are soiriediries nirred In as i^mnBdul tmiOi mmd 
m knilm (Haja^hi et al, Aates and Ho, 1998). The veotri^ 

develop much higher prtmm to the atda and thsrete have 
tMsk »ukr. walls. Ilie left verjixieie, which hm appfoxbatglfitee 
titnes tiie m^ M twice the. \Mm of the rigiii mtMt cae be 
viewed as g ''presst!re piiiKp' whcise cavity resembles an elongated cone in 
wliid; Mow ao.d otitiow tets ik sid^to^side ie the wider end (Fig. ].-3i . 
"lite ript veniride, wnicii pasipii ai lower pressij,t<: and operates as a 




wicisiy sspsjrttesj. whereas conies! m immM> sfei snclwiic vsives Ite 

cf csainci ri<j;-it and ieff: y^ntriciiKsr cs^^itifis. l$ft: Aiueriof view, Ri9!U: Siiperior visw 
<ii!(ivving iipproxif^^sls looAm tiis piiimonlc m and triciispid < IV) vaive^ in taa right 



*'v\)lui);K: pHoip,' Is shavied like a cre^^^int witli inilow tliKiugl?. (M tii- 
cuspid valve ai one end ssid oiiiow titroagh the pulsioiuc vai^s al tk 
other {Fig. 1-5}. Dijnng s?stok; the iiu^r^cntricuiai- sepiiim jmmh 
mm imri tfe ielt ventriculsr fee wall and pankipates in M ^eiv 

tdctjlar ej:edio!l !b chmk right veBirisuk mibM bt eMsispls, hi 

psiieiits with piilinonaj-y iivpertensioti-'^iiie sspiias can mm parado^i- 
ca% <iW!iy Iotj ih.e'kft vgntdcuk cavay during ^ystoie to aid right ven* 
t^cular ejection. 

Tk kmi aio«:g Mii) a small, amoust Qf.ilmd, is contained within a 
i:OfiCD.nipiiant IMm. m csid the permMum wkse iiiBei' siiriace, Ik 



pmt&lpmc(^dim, iacontiniioiis mh the f a l;i^^r of con - 
i)<;eti'^e tissiie tkt covsjrs tlie outer s^yrke fi ik iieiirt, Tfe cavities (if tk 
atria and vsmrides, along with the vaiv^js, as; Ik^. with aiioiher cosra^iC-' 
tive tisstie laver called the gmfocsrdiiim p^?utsii«:rt, IM}, ikm^ the 
hsist is coiiiairsd. withm M ngi,;! pedcaKiiusn (see klQw], the ventricles 
interact wiiii OTiesaotben Tbae inieraciionsj arc especiallv iasporiaiit ia 
dis;?l:oie, whsi; diiatsdioji of OBe ventnde caa iriip^ut the lililiig of tiiC (niter 
(Yacoiib, 1995; SsiiiaaKire «;id Deiiltalia; 1.99§; Monis-'Ihurgooii and 
Frenaeaux, 2<;D0). 

The isft varstiide,, witith. is cmci i.n. sltape dsiring diaiiiole, becoines 
snoR? spherics! as itniavpttricular ft^mt rises dijn);| spi^le 
(liawtiioriie, Ejeciiet) p!-Oj)eli; blood superloiiy (iowai'd the km] 

so lluit according to N'e'^vto-vi; Law, for mm mon ihm m md 

ami oppom fe(ictmr-4it bm ol the hearlmov^ii itikioriv (toward the 
feet). Thi;; niov^eiieat, called h>cmi o/ espkiiiS i:h« |):ftjn5ineiit 
dasceat' in tlte mttml venoui> poise.. 

i;hfc iBtiScalee ^valls of tite veiiidcles aj's nteac up of ovcn&;}pin| 
sheeMometinifis called kdk^pkd and skiusinm sMleMkt fol- 
low spiral patios as th«y sm;ep from the libroiis skeletoa at. the i)ase olthe 
teto itij apoK tFig. 14) (Gianl 1965). The imiScie fibers at the epicar^ 
M sarke of the kit veatrick kiad to par^l.thc m .of the 
heart, wiiei^aathoscai (he eadocaxdialsurfece are o.neatd.mOje tkM^ 
ieretitiaily (Streeier «t ah, (Fig, H)., Dyfeg.sj?stpie, m tk veniricies 
m% te !tti$ele baA thicken but undergo Htlleasguk distoraon 
iFentonetalM), 

ilectricai Activate 

The heartbeat is iniiiated aad cotitrohed m elecirlcal htipiilses tliat 
are gej:!erated aiid cojiducted hy speci;tliKed inyocardial cells (Chaptee 15), 
Aadvaiioa i^orniyhy begins in the SA j^ssc: (Fig, 1% a band oi spoaift- 
!ieoi(:S| dep<;lari?:iiig ceils thai lies; bst^veei; the mpd^}> vt^iia <;a:e;i anil 
tight alritaa (Oosthoeis: et al 1993b; Verheijclc etai,, 1998; Andersoti atid 
Ho, 1998], Becaise of its rapid firing rate, tk SA ;aode, which is derived 
fm. the e);aOfyoj)ie #t -siivas van&sas, Eomui% serves as iiie liearti 
pacemaker. 

The wji\^e d depoiariietioir ioltiakid bv the SA node is pr(;piJped 
inK)ii|lr atfiisl apcaKlieia, fir;;! i(i tite right atfii.ia: aod i;heH to the leit 
airiain. After eacouatcring a delay ia the AV mm, which is derived fein 
the eaibrj?onic M 3iao.s vmm, Hie wave ol depolarization cMers the 
ventricles tht)i3|ih the (Qosthoel?; et al, 1995a), which hifur- 

cales at the top of the ilnsSrvenlidcular s;eptinn:i]ito rifi, and Ic^ huA 
hmdm. The rlghi b^aidle tm^ mm (he nght ventricjiiar cavltj^ 
within the mo^icf^^for a aiuscular bundle tiiat extends km the 
iiwentricaiar tptain to the te of tiie papillary «de, wMch sup- 
pom the ^tedor ieaiiet ol the ticuspid vsiye (Fig. 1^6). The left hmk 
haaeh is oite!i laateci to bihireate into unterm bM, pQmm mQck, 
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for empis, iictios pofeiitial duration k (Ik; atdocardiiiis is longs? th&ii 
thai the ^fpi&aysiiui:!) 3Bd is lojigsst in M^celk ImM k iiie snid-regioris 
ofthe-veatricalafwali (se&Chaptex 14). 



Malor Eplcardlal coronarY Arteries 

Lsrge cpicardisi coiOiUiry arieries carii Yimsa^ all of ihe blood 
•that supplies tb bsjui, Aitagh a lew laps of endocardial aiyocjftss 
are perM to the. ventncula? oaviiias m arli?rjo*if?y® jitat mi &rk' 
rbkmi vBU(ih, this \kd supp])? is of -lo prticucal inipor^' 
taiice wheji a isigi? mmi arfery bepaisss ocdiKkd 11}- 1k 
iiuijor corouary aneries m abbreviated IMIMAIH (Ml mill eoionarj? 
art^jrvl KGl irigk coronan/^ Mkm> IAD M; imj^rior descendiiig), 
cm {dmte), ad PDi (posterior d widrng) (Fig, 1 .7). All lie in 

grooves hmm, \k irt's ckimkre ikHCA aad CIHC kimti the 

atria and ventricieti, tiie ill). and PDA betweeii ik ieit and right veii- 

T;ie mrnrn of these v^jssefe casi be suniTiiarized by the Niaifiirigftt 
"te out oi two nmken fouf'tm- cmmt^^mmm^ frm tk sorta 



(RCA aad LEFF MN) and corfee after the LEFT MAIN divideihito 
the LAD aad CIRC as. v^ds (RCA, IAD. aad 0RC}. Afi«r ilie 
PDA adm fmm eiikf the BCA or CIRC, ilie near! is supplied bv fear 
lalge (KCA, LAD, CiECaad PDAl 

Tlie LBFr MAIN, wi^idxeiigjiistes tits Isit posterior siiu$?. of Vai^ 
mi (Fig. l"2)j corinaes as a single' vessel o! vambk ksm before 

dividing into two Bjajoffergntte the IAD m CIRC (Fig, h), The 

LAli), ^vfjid]: ciRirsf;;^ dowii the aiiterior interveiur;cuiar groove, gives rit-e 
to Mptdpmmmiurierm Mi supply the asiterior two-thirds oi sk 
irilervontricid^ir septiiro, bro:ncrm ikiiiiiippif the aiitorior ^H. 
4 mi vei'tricie, siid rii/it mnmcul^sr ksiidm that prorids blood 
to dts aoiersot wali the rjgiit veoiricio. Mk\ Z'Omi. the &pos o| -k 
i).eail tiie LAD ijs^iialiy tto'M opward to ton a siio;t distance toward tiio 
ba^e itt the posterior iaterveiitrieular groove (Figs, I'J aiid 1-8;. Tks 
CM:, witicl'i courses lo tho iefi io, tlte anteri.of atnovesitricalar groovo, 
gives me to ahiuse mmpnd kmchei> tiiat stipplf the iaierai wall 0I the 
left ventricle, Ik FDA, wbicii tm h)km\^ toward the apex k 
the po;>tefior iinerv^ntrictusr groove, m. be stippiiod by the CIC or 
the WA k ml mm hearts, the CIRC, hM tmM% (he back of tlie 



SVC 



SVC 



MM %mm ?mm 




FiCURE 17 l^sjcif coronary arrerias arid t^eir tenches M Bi tight Mts M 






.IAD FDA 



A, Lei! do^Tiinar 



IAD PDA 



B. Riglii doininanf 



i4 ^oM^ ^ of m rm^\ ^>^t ^. floaii^aiit m riglit 
W'3rs£ 0 OTisry artsrv !3Bi^r!!)aSofv in U m do^itat, ihs postsjior desc^ifid- 
;ng -irrsry !PDA; Is 3 conviaestson a? iJie circiiaifisv: bi'isnch of tns sprorary dm 
iCiiJCi nar? ira-^^ ■ ca;:< of • hs?t cfei^is ; tae ??05tei1or j!^ti3rvgjU!lCiJi3r 'g^mt, 
vmmH ia vfi^ riga;; fifji-ninsrit a;;;i;rii)i.!tiO)V O'ji^ post^ifior (iBa-^(Bq srt^jv i$ ^ 
coiia^iiaiJao i;; tiie rig^t carajTsry sftf-ry if<CA:, Ta;! left SiU^ilor aas(:!?niai:g coKioiirv 
mm iiADi .after ;s?ri!;)pi:ii aroia^d ts^a iafsfior ;aj?f;5ca of taa ^!ssft, aju^ifv cear??? 

rl§lu sitriia^; t^^ ieft mm^i rm v^ifitricii;; SVC, i;a»«jriOf \m mi 



12 — m^m, mmm^.m m^>m 



^mm OF m «i CARDIAC mi — ' ^ 



kfi v^ritrid^, only a siiQrt ckmrn miiM pmm 
tikiki groove lo iSKi nm ths fims; 0/ tk hmrk where tk piasie of the 
iiit&rveiitricukr s^ipiuBi crosses tk plane of Ihe aiiiovsntrieular groove 
(Fig, 1-8B/, This distribtitioii k wMch i.l).e PDA, i^; soppliixi bj' ;k R(:A, 
is called rigm dmmnt m occurs in approAiiuateiy %% of iiuitiSi^ 
iieiiTi:^. in tk resiiaimjig 10% or i;ci, the CIRC tiiiris downs'asi at die 
cn;x to soppi the PDA {kh donimiL Rg, 

The RiiiA, which dim from the aniedor aoxtic s|nt;S> (Xiurses 
to^^iird the rjgM itj tk antetior atriovKDtxietikr groove, wijere it gives 
rise to ri^ii mnfmd&r {acuM m$umij km^m M vupply tk 
waii of itie rigiii veiitricie, llie RCA then crosses tiie sciii£ mm d ik 
\mn> turns to tiie kit m Ik posterior iitrioveatricislar groove, aiid akr 
KsackiKg iiio am altkhtm usually- eorfe nitlie posterier ijkr- 
^estxicuk i?roove the PM f iigk kmm:' mom^ moMm, 
Fig. i-SEj, 

As aireadi so!;ed, tk, PDA, t^^ mkd p&jorsti^ 
hmndm M [Mm 'h ooMim W di |e istemiufedatseptaiii, 

ta -the HCAit^ apptoxiitiai^eiv 90% of huimn hearts; <i(id nxD'n the 
CIIC ill about 1,0%. 

Coroiiaiy triheroscieroiiis is okn descdi^ed as o/jf r'^^ML la/o-j;^;^ 
!ieL atid tme&^veud mm mm that describe how mm of tire three 
inidar mmm (Mk IAD, and CIRC] aie narrowed, (Mm^, ik 
more vesseis thfit are occiiided, tite severe is the corosiar? disedsc. 
LEKi' ivlAlN disease is especially daiigerot^s becatise this vessel, supplies 
both of tlie arteries mat sappi| blood to die M ventricie {LAD srtd 
Cli^C), 

CDliateraf feels 

M mmtf arteries in taaiis can he mwi as Tnd-arte" 
because is iitile S,ow Imm the vascak kis siippliecl by the # 
fereot resior arteties (Factot ei ah 1981), Coiiateral ^essi^ls, \tdiich m-^ 
neci artenai f steii!sst3,ppiifidl)^ diierfitn niajor^ipicardi arteriesj, are not 
kmi at feM of the mlwWaiio-a. so Mocfclusion- of :a major epi~ 
eardsal aito geneniy causes saMarct whose bodm are sharplj; deiiJM- 
cated from tk. adjacent inpcstdit^iii stippiied by otiier. nonoccluded 
arteries, Colkt«!-al vessds m iX)riri«ctlarga8MieS; M^m are poorh 
ilmkpi m foujig-yiykiuafe Howevet h pslienis m^h chionic «- 
trary athe;'ffickfi)sis, colktels ol^iea enk?f ; ak can pkv an 
■irsjpoM .de in ssalntainlng blood flow to the heart akr a major coro- 
nartJ artery is oeciaded, 

Blood sappiy to ttte y&mM momm\ 

The devastating costseqtieitces of coi'coai'y occhision. relteet: lite fact 
that c;ir{iia,e eoniraetioo depends on a.t] nnitnerropted deliveiy of os^'gcii 
(Ckpter 2). 0,xyge:nMed blood koi die eiiioardial arteries tm:lm tiie 




1"S ^^«y fi^icrophotogi'ap!') a i'iijijr;; injected n:cf;;3p;ioa?; (ly? si "ewif^ig 
aiiii;eu53r trsrivhes of iijr^ie corciBiy amrles ti^a^ fi^^mt^ the eivocstaii;^;^ frani ths 
$pK:5?x!i3!siJiffaeeoftnHsntrici6,tfiSe#i9cifrori^ 

' :■ 



f ffii/ocardiun) via tnuscuiar brinicltes dial traversrtbe walls' of the^ventrides 

I t^^iv '■^^}' ^^^^^ i-ntrstnyocardiai pressure ct^mpressss ti^esc vesseis, die 

I \ siifcrdocardiai regions of the tiiick- walkd ie.it ventricie are especi,ahy voh 

i \ mik 10 eoronaif arten; narrowing. Nonnai eat^ipressioii d die Biii^eii-- 

: ■ iai' !)i'anc!ies dtning systole eiqhains why virtaaily ail nninent coron^ai 

I flowoeeoxsditditgdiastoie, 

The kji verimaM p(ipilim imcim receive their ikoii seppl| 

' ^' km. large peneh'ating vesseis called pemmorL Trie {i>itm)kierd pml' 

\ ^ Im mnuh, wid:eh suppo^s die anl;eri:0? ieafiet of the tidtra.! ^^aive, has a 

i ■ dual blood supply derived loffi branches of tiie CIRC and IM). Ik pos- 

I: tmmedid papillm mmck wMci! supports the posterior leaflet,. 

I t^cei^t;s k liiood Sisppii honi the PDA; and dnts ..Iros the RCA, m ibe 

■ r majority of .hntna,ti hearts tbst are 'ri|lit donhtiant " arid Iroia tiie CMl k 
those with leP: donhnaiu" • coronarf oircaiaiioti {aee above), 

eiooci Stipi^ to the conduction system 

1 The SA tiode is perft^sed by the SA mm ;Fi.g, 1 • /). wliich In 

i stightiy ;ii:o:re than liaif of j-aenan liearrs is a branch of ibe hCA.; in the 
i' ..reniaiken tliis aneiy arises honi tiie C1.RC, Tiie Aa^ node is usutifiy sup- 
!)iied ^ <m AV nom m&f M is a bra^ich of tiie PDA; the blood sappij? 
i to tlB AV node is tlierefore derived htnn tbe RCA ill aboiit ^0% of iiaiiia:!! 
i km and die ClE in appi'oxiiuately iO%. 



14 ~ ST^' ic mmmi A^iD mm 

Tk M hA, along wii praxkM {HSrtioBs d boll) .right and lyfi 
bundle bmcks, b peik;ed by p^fforot^r^ M ^fm Bdtli 
the IAD aiid i?DA. Because this cxiiicaUtryttii^s kis a di;tal islood siip- 
p{v, mmi^ to ihi! AV bifsdle ks iselieiBic hm ^mt iinpks tliat i^ftre 
tkin one ma;(H' eoronar^? arten/ is occiudsd. The ^mcm divisio;). oi tiie 
M \mif^ branch and iidd-pertios oi^ tli right bujKiie branch are ?u;>- 
piled sepud perioiator^ adaii|,froin th^ LAD. whiie the posterior divi^ 
sioii of the Mt baadb bnindi is petfused lij asptal perforsiors supplied 

Coronary venous Drsioap 

The veiKirs eiliuem oi tlie bean ia coiiecied in that paralid the 
epicardial corynat^? arieties. Usm mm: draiirage of the Idi \'«nddi; 
unlets the coreniiry s>i,iis, mk parallels tlie CIRC iii the iefi pmm 
mm^i'dM grD0ve befos-e essptiii^iinto tire i!.oor' of tlu: rigk striu'ii. 
A smaii por hoii ol the venous drainage (if die le.lt ventricle, along wiib 
fiiiicli of that mm ta tk iighi veiiiricic, ente:^ U :rigk striuin 
throisgh iffitirji)?' Ct^raiaf; j^jiims. A mfM kmim of the veDons^ drainage 
of the wtiixiciiiar iji|Gcai^diiim 4im directh? into tk c^viJies of (he right 
and lelt vejilridfis by wav of Hi^^siSJ^jR x^^ris, 

The ostiuni iith coionary sintss, proYldes a iaridiiiarkib): the AV 
iiodt which M mmMiiiQm tills opening, Because the OTnary 

passes t(J the lafi khhid the heart la the kh atdoveiMlar groove, 
speciallj; deslped catheters cair be ii^ed to record the electriciii activity? of 
the M strtiJin and veiiixicie, iitinudate di«;se slrtictares, atid perhrrai abla- 
tio:!! tb,erapy on the left, m of the heart. 
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lire heart, is nchlv- iriner^-ai^jd troth sfmikik mi prnmpti-^ 
iktic eerves, Poatgaaglbiiic syntpathetic fibers arise amisli iir tlie fosirih, 
and dhh thoracic segrjienti; of the ^phiai cord and fortn synaptic connec.^ 
tm iii the cemcai aad thoracic, cemcal ganglia (olen allsd Mkie-. 
pn^k) M iMm pm. Postspaptic s|!:apa(bctie mm m mi 
km^mkd ]m&m in the hm but instead fikm their tseun)- 
toBiBiiter (um'pinepIidnel kiK vancosiiies thai lie k p\mh mmi"- 
km deprgmns on the surface of carlao myocytes, Ik 
pm^^AMmtmtm odgte in. the teal: effergsri (nsclci of the 
inedalia ohlotigata a,f5d reach the heart: by way of the cardiac breaches or 
tiie vagsjs nejve, Fregairgiionic parfisy:;nparirinic dbera !ie.p,!ri|e m. pest- 
gireghoaic cells ir; tire SA aiKi A^i^' nod&ii, ihe ai:d:j,/and trie iioart'e biood 
veiiseis. but paiisviiipatireiic ijme):va:dQ:ti of tm Yetnriciilar :nryocardit:ra 
k nioreliraiied. 

Seii^on/ fibers diat oripiate in the Ircari reach the brain stem bj? way 
of tire eto'diac plexus. S:tiiniiia!ioir of diese fii;e:'vinfo:i'(!ii parieiris when 
tiieir heart becoaiois energy starved, A chest diiicondort caiied unimpc^ 
torn is tb,e ttrosi coratnoe, pereepdoir cansed fey card.iaC;ii;ciieiriia, 

Stj^teh mpm ImMk the iafenor arid posiedor walls of tlie kdi 
veiitrick can mk a pmM vagal response called |k von Bemli- 
jiMmh wfm (Dawes and Comroe, 1954). This mOex, which h ofteo acti'^ 
vated k iimt and postetior wail xsj'oe^idial itifarcto, m slow the SA 
trade, inhibit toriducdon. through the M node, and cause Mood pt^saure 
t;of^di (see Chapter 15). 



Fmi AWiY OF THE HEART 

Many aspMdqi structe in the te. incMfeg tk eorom 
blood vessels, ehprite terKlitreac, and intervmtnc* coudiidioir 
Mm jieltorb wi^ose outwardly disoiiaisixed tacMng follows complex 
rules. These are deserihed mgtkaaticaily as jmmk which describe itie 
ode? often found in seetningiy mkm biological strnctre-es (Goklbergcr 
etal 1990S andkncdonaldbifc (Goldbcrgor etal, 20021 



:ihe I^Mphiiik md^ tk. dram the hearlti toltluio run aloiig- 
side.lk ci)roi)ary ar(«neraM im k the atnsvientdctdar and iirterveit- 
tdcular f ooves, Most cardiiic i^nipiittc diannds crosis the finterior sur- 
face of the p:td»iry artery to reach pmmdmi bmpli n(}i{^ 'M draiii 
tiicQugh. s mdm bw^h mm situated bet^eet) the sop&dor vena cava 
anti right innojiirnate artery. The lyri]|)h: iiitiro.iitelv draij;s iato the tiio,iscie 
dtict (Miiiec mi). 



HISTOLOGY 

Tb.e outer stirfaces of li]e asiia and ve!:itdide5 are coveirjd by a layer of 
squamous cells arid aneiworlv of iibroeiastic coimecthfe tee called the 
(^pkutdium. Tk eftdocmufn, which lines the heari'ii ehaijiihen-, k also 
inadeu]} ofquarw cells bsBeath wliich is, a tmh of collagen and elastic 
Ibers and a mdhaentaiy layer of smooth muscle. The mjmrdm, which. 
iMkes i:ipi];e Ym. imr^^i of drclieartl !Mekae5S,eontsdnsljoth myocytes 
mi c;oo.nt;iS!ve ti« Altagh cardi^ic .irti^ocytes nptmt most of the 
mpcaidial!T5ass, appFOxImstsly 'M &f lie cei:aK^ snialkf jmnyocyb 
that include vec^ilar smooth muscle, i?5)dothelial celk, and fibroblasts. Tilt! 
latter secrete .ssid mk^m tlie eomjecth^e tiSSue Bbet^ that contribui^ to tiie 
heart's tensile strength aird stiffs;caa, This efi)meirfee tissue framework is 
organis^ed into :the &i&rmumi which mmk mmml cardiac 
myoqaes; the pmmmu which suppons gffiups of mj^oeyies;. siid tfa? 
spmium, mil aii:ases, the siitire inrtscle (Fig, 1 -Kh, 

Several lypes of cardiac mj^ocyte^ are found in lire adatt irireian bca:it 
(hig. 1-11). Hie iirod nunieroub arie wdrkini^ mjocm of ttie i>tria and 
ventrides ;:h.st ;rre spoiaalixed for contnictiQa., Atrial myocytes are smaller 




tf]e:ifi<Jivi:ai;3;:i forni:; istsrai stri^ts i^f thsi con«sci.iJdi;5csfst siis. Ct)il;i«in 

strtits also c<^fM iiiwtes io fsimjMs f(lsinMJ?» to t?fe- p®linysl« artt 
3W IW St al, by p8n?iis$ion Airj^ilcan Hssrt ft«3tl9fi.j. 




mm I'll HM.iSJRfiac f^wtes, A: .wvtss csntatn m 

mm% mm r^mM Mm m- » min».r$ are irp. poor-v sbir:' 
■fi§ With sjjsmro: ■itristiciis, TiB SA 513(18 10 af!-j AV node grs nsrvvorks o;^ 

mm^^ m^om i^'sfja '^^^ ^m(\ wm^. 

in dk:iHter iliaii 'kio^ ik veBtrkHi Pmnjs ftbefh4Mi& m the AV 

bundle;, kindle k'aiiciies, and ventrlciiiar endocardiiin; ai'e sj;;$citiiiz.(:d 

]iynm coiiductioii adis k tk SA, and .AV nodes ss^e re5p' 
lor pace!Ti,aker sciiviij; aiid m atrioventriciiiar cDiidiictlon de1aj\ reiipi^c- 
iiv&k Additional iiiitei'ogsrieity is seen at ti^e iTifiieaikir ievei, wh6,Si 
tologicailv simfe cadk iiivocvfeN rtpmt diferent n^oiecakr phsno- 
fps! that are dissrikted b a mosaic pattern (Ff I- 12) {k\m d t. 




Tl;e celi^, Dft!;e Kiyocardiujii areitiTaapil in a bn5tid),ed rigtwork thai 
w<!s once believed to ri?preseiii M anatpmid fn'cjfc. However, ik 
intercdakd dm, wlildi at's dgttst4y staiiiingtramwi'ss bands thai dhar-' 
actedsiic# appear at .light angles to Ik :loni? axis of the cardisic 
jnyoife are now krMn. to stprwt ^pdsll^edcdi -cell janctetfiat 
contain n^m of low e.bc!ncai mi^m {m below). We not Urn 

W<)?tm| mrfe moqU, wiiich. usasHv cositai.ii a »fe 
located nucleus, at^ filled with, ewstriated iMbers ml «)ltochond)i 
(Fig, i-l lA). &r^j/^g tikrs, ifeich am specialised k rapid cpntok, 
ai^ iJi^ge pfik fielk that, contaiii rsioi^! glycogeu but fewer contractile \k- 
W fixid niitockidtia (Fi| MIBj. Cdb iritemiedisie in app<iaia.n.ce 
between tk ^mm Ikm arsd th^ woxidng cardiac Kivoixies'ast^ called 

and AY turn (Fig. ■ \ 1 D)^ liife Pmm fibers^ are rich bt ^^mm m 
C'MBn m ammk filasisDts; hwi:x^, ;-odai ceib; conduci siowiv 
because of their smii sik; arid liigb hne.ri;S! elecirid ]^!sisu^i;ce. Unlii^i 
the workini; ;i$|ocp<i of iijc airia m ventrides^ which use oxidative 
reaciioos ic geiici^ite ATE ik iiiyocyies th&i ap ik kearr^ co.iV 
dticsioa sptem reiy «ob.ic produdifta (Hesry and lom 
I®).. 



Atiiai eatdiac irivocvtes contain, granules that represent stonis of the; 
biologicalk active iHrfi/i niimiMji{:|?^p.j;ii? (ANP); wiileb is sustrteic 
asid di«:reiic and mm vm4^ mmh mmm. 'M ]m i;5 ikreke 
not oiilf a piiei:), but ako aii .endocrit^e orgaji, Small amotiKtsxif ANP m 
tk str»c«% related &m]f^ mtrm^cji40B (BNP) also &re tad in 
the .ventricles, pepticb are released wh&a ilse walk of ths hsm ait 
simchsd snd ca,a be v tewsd u %im mmf that Up ik bocly to 
defend against e^pandsd blood ^olarne {lor a t^;view, see beviii ehd,, 
IM: Si>!> wa arid Vim. der ^yf^irsckr, 2001}. 

Thecj}?ir;iicj/i{?]j;f;:irer?ja, which ntai^e up dkm one-half of ihe vob^ 
ijnie of woddng cardiac Ji^vocites, are yrganiiied hi regidai' a,fxaf of 
crssir^xiated inyonhril^ iFip, l-ia a.iui 1^14). .Most ohlie i^imainioi cell 
volui-ie is occupied bv mtoctmirk that generate ibe large ^nmrn of 
chen;ie;5.i energy reqdrcd k cii-uraction fliibie Ml, Key liienibranesp- 
isins ti^ai: regulate cardiac perionnance inclode ibe pkm me^jiJ^rm, 
wliici; separateirihe ;:yi05ol hoiti tbc ;>U!TOund]i)g,eMraceibar opace, a,od 
tiie ifitraceliular ateoihranes :of (k n&capkmk reticukni flhble 1-2); 
The most sbuiidant membranes afg ibose of the Hibehnndrk fPap 

Myofibrils 

The ws-striaied pate in wo:r% cardiac wmm ifip, Ul- 
l"i5) j'eflects the distrihtttioa of conMlie protein lilanttt The niot'e 
MIy: stsiiiing striate, which, cmk apsrallel array of ibick fik- 
mm belowj, stmogiy 5:otate: pols.rizcd hgbt aiid m a.ai;>olropie 
(bklingcoi}, heace tkir de»iion A4mk. The more iigiitly st^rin- 
iiig ^mkm, which contain onli tbin filaiuesia;, are the niore isar rouic 
■{less birefririgent) hbmi$. Eacli [-band k hlmd by ,a dariviy siairhiig 
Z-^im, The hiodaiTieotal morpbologicu] aeit of j^triated mMx: h tii 
momm, wfricb. i^defined as die region between two Zdiaea; each 
eoioere tlmfe iadudes a central A-band and two adiacent balf [- 
bands- 

Ti^e thick iilaraeius tisat extend dig iengib of the A-band, sib poly. 
fnc)"i! ol ?n;ri)ai:!r a.[rd a. hiige protein called tiiin Tk cemral i^igiorrs of h 
tMk ti:ariiersti> alsa) cootB,iri mwsk^hiniki pmm C, Mrprotm, 
rnfQ^iesiu, mi the M^f ia^icirrn damnejiko^jjkkinmsm C'i^iinrer 5b 
Cro^^hidiM M project: iionr the dsid iiasients and mma wlthtk 
diiir iiiaiuent^ stpreseni tise lieads or n)|osin BimM. The .thin Biajnents 
are double-stranded mim p]^\m that include fmpmyo^n and 
theibrggpiioteks of the l.rfi^o# 

the thin fllanients m k^mwn with ^mi cftogeletal mlm, 
kM^ m^imk Cup i i^-mimj, -.mbulm^'mi de&ink which 
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mm M4 Uitrast^fs of 3 wm mo^^ (MmM rains 

3iT anged iil a !-§gi;;;5? tm ?! 'd thin ;i!anfnts isj???-! i?) jatwr! 3t T^e 
A-^anci fsprsssnr;; thj: region 5f tns :;<ifc(i;niift> occispled bv ti^5: tjtk fiwnients ;!TU}. 



c«insf^, m f\mm unit of th« m^mk m» ^^timm ^)if?$s and 
«jns fi!^ A^iisnci 31^51 m m-m^. m^mz mticuiKf??, sn ifitrsc^iiar 
tris?nbr3fiB svstjj??^ 'fi^it surfoiin^s tfis ccntrsc^i^f prsitsisis, consists (5f Itie sarcotiJ^siiisr 

spcds;!B;(i cof!>?s$!t8 sti'iictijn;:; v/itri t^ie tr^nsverss ivibiiSsrsvsts^n ^-tm^ csiSsci 
Tijs tjjjBif'ar M&rane is tontlimis with tin? TOisriima; tte iymsn of ths 
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attach tk sam»«s to eel! adksien iijokw that ii-ik iipcytes. to 
m\i othej and w ilje e^iijidMar tiBtrix (see ('hapter 5), 

He imgk of the thick snd iin «ii coBstam drag cori" 
Melte aad ietotlori, so *Jiat diiiges, in the mni o! .overkp bewn 
tliick and thiJi filsii^ents mm mx^mm sbori^n and leiiglkn (Fig, 



intheowr 





iiiuscis ii'Ots !i;vo?;n cro^s^bricge? H ri^it angies to tne tnitk fiisffiojvs, tf^j thin m- 
iTisnt^ (it; not Et&nd to cents-r oi tJ^e A-tend, B, Pijiinp conti'actioa tjri; ■ iiiii- 

f!i3iif!i3nts of aciisceiU i'Mfids ^ss isKiis center of the A^band i"doiifjS« m^). 




mMt 1-15 Sisstjon !'f!icr?Ji)f50ti5S^3pii of a .s<sirf)iw in nor Pfi^i W ^^m. 
A grSiii^g ssctiof! on tf^s isft js^s of the ^om^w^ m^^ mmwm^ msm ^ 



1 



I 

Mi 



di'aw the thin ikmt the c^tutjr of the A -batid (see Cjtapter 
At very sliort sarcQW leigk, thin fmms from the: two sides oi the 
ssrcortKin? pjiss in tl5.5; eentar d'tk A-band, gMng rise to Moiible ovd^if 
(Fig, 146). 

\m\i mtk t)i which is ijurrouiicled bysix tbin lilanieJits tfiatlk st the 
iiif oiisi, poiaii bei^^een, dkc^st thick fa^ (Figs, M? and 14 Bl 



1 




FiCliRa 1-^? ^sMTi^ ififtions Jit ciifferent lev?!? !}f the ^f^mmB. k $ t^s 
ki^m i'fcjnci vvii^fi? thici; fi!;5?y:i!!t!; are ;i»sfif;t tm tifn fitafi^ejit? ;e?.^ sy^mt 
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si^y^Tiig? or T^*£' >m A® j^u^cie 2B 

IB ik Mni which kis. thick BSaj^jents, the tlik flkn^ents k&s 
OJ%red, M\i cross-links, tari. iiiVoslivbiiidlni .protfihi C. lii'l 
ths? thick filaiJHHts h ?( iitjssgoixd a5i<iy at the ^xinter of the A>ban.d 
iFigs, 14/ I4S!„ 

Tlie Plasfrsa Menibrane and in^nsverse Tiii^uiar Systein 

iiikii aiKl fisiracdliilar spacei^ km^ irmmme tubuk it^^fiteni] tiiat 
iKto ti;ij cei; (Fig. i-i4), These wiiich contaiii ssiiaceilihar 
iiiiid and opeii }kd| io tbg ateliiiiar m% play a kej? role ii; exdta>- 
b,i)n<ciiiractioricoiJp;hig bv carrying action pctenti5iis deep ilic ceil 
(see Chapter l]Jk pmii iiieeis'aiis coiiiains cliasneli carria-i, and 
puiiip^ that reflate cell ot^om m iuaetioji; reeeptors asid enfiafis 
Otaip&mcipate is ceil ipikg and adkslufi nolecules that M cells to 
each othe? axuiui ik atraAlar'jii^trk 

intracgliular yerntjraris striictum^ 

Cafdk sijrocp, life all etiksr^otlc cehs< contain im!:acsiluiar 
aiei^tbnffis-ddiniited orgaadte (Figs, i4M-2ij: llim InM? the 
micfcs,. which, coirtalus the gsnetic iiiaterM that det&ines d! struc- 
ture, and mtQchondm wbieli catal^xe tk oxMatk wdions that .g^* 
mi€ inosl of tfe ATP used .by the heart (Chapta 2).. .Mit(Jcki]d?ia 
kthk &.a outer .mcn^bw thai ewies these, organelles and an: inner 
memkm ihat contains Infokiings calk! crkut Tk latter conlaiii kej 
i^mmi that psriicipate is oxidative phosphorylaiioo, Wiicn thi? iiear i is 
fixed eiKk!:' (;a:i;i:iti(iri!> iirat (ki iti)l pennit cjxidaiivc phosphoj'viadoa 
(c,g,j low oxygen iension or substrate conceair&tion), ihe cdifec 
appear as stacks of Eat !rifiini)rane ^l^a^is, wi'Urea^ in iieans fixed ^^^ilen 
tiie oiitijchondria are carryiiig out oxidad?e piiosphoryiatiijn, tiie eri.i;iae 
are m§Md. In an "eeergixcd" eonigoration. Pliaee mmi studies ia 
iivi.i]g eardiae royoey,iii;s ilrat ihe mitoehoncina clianga constantl|, 
enlarging and contraciing; ami braedting and fiising wltii anothei: 
,Mjtaci:ondri,a Cfiatsio eireiilar PiNA, that ia chamcteristic o:f p.rok5iytstee; 
ihi^; reilecis the origin of iliase organdies as n^icro-orgaiiistnj: thai, hun- 
■di^ds of nMm of m> crept \m U calk, .of our- pragenitoiis- 
.(MajgDiii 0"O; Roger, 1999; MiM M^i Ml k mm fa a 
ntitri^int^iled sBvimnnient, ihm sviJihiOtic invadm pn)vide our heartsi 
fitliagensrotiuapply ofAIiE 

'Ine samplmm retkitutn (SRf™^hich takes iijn stores, ai?d 
Mm iliti caieiism tiiat i?;g5Mtas castractioriand i«ka{io.n iCbapinr :/) 

a. specisM to pi the s^doplmm rmmn found In viWl| 
evesj' celi tp. The endoplasmic reticnken mM\ cells inckKles a 
eMopkmk mtkukm whose onter surface sindded widi rihoaeies 
iiial carry out protein s|!;thesis, and mmk indoplmmk retmlmn that 
participates in suck proeess.as aa lipid a'setabniiain and drug deioxlfieauoii 
in inirsda, ihC: major lurardan ol these inte.nialineinhrane.si, oltea 
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The cardiac ^arcopiasiiiic reticulun; coiisisis of two regioiis (Figs, 
i •■14 ;i?ui 1 -20), The tdtcotiMuf nemrk which pia^aps cakiatu (iut (if 
cvtDSoi is a networi^ of ttikiles ikit siirrouiids tii<5 iisyoilamenii 




nkmmhkktrM, which- release cgkiujn tesn th^smopla^- 

lari'^.itiQ!;!, are Msm^ii siriiciiire?; ihM lyrrii coiripotie structures wiri; 
'a iiieri^brane. k 'k latter; csllevl iivi?45, tiie saiCDplaiisiiicEiij 
luluui and pksixa i-oeinbraDes Si'iiprftacli m m^m hut do uyt imt 



■■■mm- 




\ 




\^ i.\ * s< » W VvW'.'JS 



The cvlosk^l^fon «oi)!si!\i> ihrts typv^; s;:.k:;'i;/ji<??:fif/ii^; 
kraiKi. Thi; iaiier knk th? coiuniirdis •viseiksiSiT t?; olh;?;' cy;\!'>!vi;k;kk 



i)f ;-in.i:xienc!yd kiTskiy ii^vojsi; m}ii:i^$ m Q^^^iM 4) io u;;i:5;y),'>r; 
:;:;£;i5b:::s;;i; v^iidc:; t:) ;s,i!d k^:!;; idc: «:k Microiiibii;;:^ ^'dic.i; 
kiive ii iiikid;! dackooiH:'. km mmrh M. mm^^n ml\ m§mk$ 
Slid, Sxirdvip;;!;:' iil ak; divisiviv l>pkkik ^rrm ol: iTiicraiAibikri ar;; 
hmmm k ik \mmmm km. mi imM. Ulmkm km' 
m. k mk^m. iv siUisi:'!;;. mmk^^) exocpi M k ihmmx^ m. 
ki}im:m. ikkn. BWm ihm cik. mi k ki^m^ immf m 
kkmm mi kmm-: ^kmkm. mkh. Tk kfi m\(Mk- 
m ;k\, k:t kmm&m^ mi^x:m, ky^i]m^}kmi<i!: m\. fm\ 
wy km\i kmk: mmm k\m dmrnoumB k\ m) \k>]k\ 
mil ukikm. m cm lo mn: mm^.j,m kki c;db u; k. mk" 
xkki ijuitrii. \jkM ki^km\^^m mi k:\(mmm. kim^i^k^ik 

^pikkk. ^:km-td iuiukio;:^ cikid imxmnsii dm lkT\ 
kmi m^ikcm miM mmi^M^ kw^^i c^^m mmm 
']\Mi kl km ;'i:vi'i;\v, ^&:.QM^$ ^ ai. l^J^HktfeiJiKl euil, kdkk/; 
Tki). ttik^mM hM^& m p(kM m M fmk uikmiL k kkh 
^^i:^^mk ^ki^^ ihi^'m. iim t^iHicctixi^ii:; n&iwoi'k^; i:if cvi;:i:^k!;'lina5 mm 
Bmk Silk ky mmmm im cm^cl k^mkm^ f^mi^ ixi 
Mitimi lA^kii mmk^^ A kkrii mkr% di*: p/? nmm, mMm 
large nt);:\v;-kc;iv'? mmm.ii; mmiki i:kk)w km mA kcr srijak 
Mmmid i^fkmmkhmmi k mmi (yi mkM celd?. By pR)'^ 
kk% \immmm coid:iedko;;i; kmm. cvii^. gap iii:::K.doi^ mmm 
km kmlk mdm s^*; mmmi isipikly fhryiipcai ike km 
{mk&p^k% 















^m«:<f 





i:ko'ki;k(:;k mk}Em k '^k^d a^i mkm mkkii <k 
i;i;ni;;ai, ky!:dtip!v>biv mk ki k hi^mmi two kytitophikc Hifiiu;?'^ 
iFii i^|3VTkt;j:^XEi.(;: is.provuy i)y ihe lipid mti^.kk] kvkBk 

'pkwm\\k:^^km^ mm wiiih llssiiqiioeyini^ilis m k: m^km 

ykk}mm$ cmiis\n ^ikm^^^ \kk 'm'^i (d' whici;; ;i!'0 j'0;;:^kd 
0}k m M tiu;y <:imk km bmmk mik mi hy{!r(:y:dHk];i; 
kipoku'] mkm M;m mkmm iipjck m. bkmm k^m, o 
mm^m m w fm:':k m<:Mk to a kkmk kk mf v,;;^ 
mc tm dydniphooK: iak-v acyi km "W" (Jk iM. Qtk^ mm 
hm^ Mk kkk ^^iidigidnkks, is. kmh k; kkk mk)m \s 
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!1 




i.fiowisg (m?iim rrmmm?^ m mm mm m.<^ mm m m m<i)- 



t'ifkm bv U mm acid ^m. 'Imi mm i'^nisi?}' 

pkm M mm. Km m^^x^M C:, \m C.;,! AiUi mt Mkk. 
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\" >■ <V \ I*. U S>. .i,', A'w 



M M a1 m a*. »v »v W 



csrbfins are mmm i 2, m. fm^^ ^ mimmmw^mM to, 
(:;i!t>f)ri<; 1 m 3 and group, whioi' catrb&Jln^ted to s vsfi&tv of TOpcund? ii^?. 



mii^mkom^ ikid^^m cxm& m oi; opposite (trails) Mm of ik 
oiokai;dFig..i-2:);. 

li:^dri)iysii;> of mmm lipids; enxymes called ukiSfMbcim 
cQirlrikiies to rsiH^Bi'aiie dan^sge ui a nijinbe;' (if disfia^eii, Phoq^holh 
pm if aiKi kMm Oie elites' bfijids iiiiiving Ritiy acicb to gl;^c(T(),l 
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froiri .gh^'jroi csriJon R np- 



Dtopi^TOJ 0 



!4 



0 



0 



0 0 



Pmiphoi:ip^M C 6mm km p^m ^-^^ 

'■backbone "wiiiki pImphGhpm Dreitwve:; oi^m siriiciijrss ironvih? 
head ieovingtk phospiiatidis: add mk^ m^dM ii) csmosrl qI 
■giveej'oi. 

^^dmM (;^ee (^iiaptess B and Fq? iJXiimpk., Iwdroiysi^ of the roeiiv- 
briirie phciSpkijipid pho^^luiMdhimM 43'bki^h{0m k 
•%asi' C leases (wo messengsrsiikvi i|l>wol (DAG) ami ?Wf{il 
t)'ip/?t;<;p/;iir? jliisJ'.). nmhidmk acid (ansfitufslsd C^ij) releassp fi-oin 
meinbnaie pbij^ipiKiiipids by ph0^p.hi)iii)ase A,: is thii:p.rectir5or d^k^- 

]-elessed iiiio lise cytoj^oi oasibe covaleTitly iiiiked to pMm where iky 
liiodilv function ijim Umm< ^^fa^i etai; 

Urn. of the kporfet a^.dv&$ 4 hipl^t^mm^m^ m » 
M by j???rte plm^ that at? irob&ddd in oiB.or l?oth 
lesiiki^ of ])iiayer (F^g. 1 -271 Tbese prateisiij, whldi caii msike 'lip moi^ 
to OjuM of b weight i a inembTsme. Made receptoi^, m^^m, 
dmiK^k, canieri pijiiii)!;, asid exckngen, The t^txiceliiiiir portioSiS' of 
pj;iiii!]i;i Tnairibmoe prote;B$ <:iiea K^itaiii cov&ieiiuy bound ti|)id (i.i|jDarO- 
teiiis) or: carbohydrate (giycoproteitiiv). 

Hie lliiid nauire of ihe b|:i!d i)i!aycr aiio^s tbe in;;'id)Ta;\e oroteiiis to 
nioYcm M pi3.o.e of the bilav'ir. niiicb ai; icebsf !loat iii th.e ^ea, Tiie 
lip!,di. dial surroijod tl\o liydroplKibic sadaces i laenibraae aratoias, 
imi':!^^ called ibe hmnim kid^, or ^i^tukL pif atiirspoiaiit 
role in the activli:; dtkm proieinN (ivatz srsii yimjm, Mi). 
Chaogcvio this lipid eriviroaaieoi ftave i)eeo, inipiicaied la the pathi)gea- 
5is i 6M. arrhytkiiiis (Ksog and 1996:. im m Xiao, Ml: 



5S 



A 



C 





COX) 



ni mwm m^m mM m msm to tl^ti rm^m mm 
iA), mrsmm into iMm c»f tJ^s biis^er. iSJ, or uf? m\ mi^ id mt? 8 M 

C r^pfSSSfit 5!jt[1fi!!K fTiJ-tTsbrjift^^ i3fC)tSif)5; 



KsU, 2002!. Maiiy cai(li.oacti:vi drsgs m siffiphipiiilsk iiiioieeules M 
modify fiMion when fef enter the and ititeraci. will), 
hydrophabicTOces membrane proteins (Hsrb^i« and MitsoB, 1991). 

iV!«j;ni^rane Transport 

Ihiiiiport of iKaK);iais across ^i).8 {i^enibrauii \mm can be effected 
by two funiiainij^iiiiliy diirent meCxh^inisms, Tbe fet, exeinpiifieif by 
the ion pumps m m exchsiprs de^jcribed in Chapter '/ and the ion 
.ciiS:ise.h (liticusxed iii Ciiapter u, m gejierfdiy hlgiiiy selective lor s 
given sioSecine. Noi all ffiesGbraiiS eha:niie]^ e:ihi;)ittbijrq)edfic!iy For 
exas^pie, the gap jonction clumneb in ik kti;realated disc allow a vari^ 
ety 4 iiKilecuks- io move between iieighboring A, aad anii>n eki!>- 
nei:i> in tr^e a3:rc<:*i)iasK)lc i'eticulisii'i aik)^;- several iniion^ to crtiss ibis 
inkrnal irienibrane, 

An entlj'ely dilferein nyeclBivisro, ihai trarisports iarge aioiecnlesj 
acn)Ss tiie \kim riieinbrane otcisrs ^viien psil-s of tbe ine^nbrane iiivagi- 
!:ane ami liien pineii ol! to hm ve^..icks liiai: aiove IbKsiigi; tiie <|taiioi. An 
e;sinip!e s. mK^tosifi, Tim iiitj'aai^liiilar riienibstine vesides transport 
sub^iaucei inaaoiactarad within cei]s io the celt Jaiice mm iiie' vesicb 
1m w.itb die plastna raianbrane, whid^ aiinws iin^ anbsinni^ss Io be 
released itno tlie estradiiiiar paid. Bulk tnimportin the apposite dkc- 
tiba mm by e/JiiiJcvio^js, is wtddi moteks, oikn bound t9 s ^peciilc 
receptor^ celis witfiia wiete Imd % invagiaatiois (litbe pl» 
mejskase. Tfese t:fanspt!; pmum are kilitated % 'Jiiolecuinr 
:m\m" that are powered by intemctjo^is betweeo eorticai actiji fteiits 
aad noninuscle r^mk M of tubulin witn kiaesiii^ gind dpeins (see 
above); 

Efidocytosiiij; effeeied byaevera; aiechaoias-as,. In 0QiMo^i 
cies fomi torn plasma aiejiibranejiiYaginaiiD.!)^ take up ssnall ainoaots 



0 lAfe^H 






H 



0 




%x ... 



psigi^ of piiospJioii^ia!; wit!^ nefiativ^tv cnai-gscl asiiC grnapi left; Sarfacs ctwicss fssi 
sfersiy wiiti increisif'S (iistaiicsi iKsnuiB ;na>araati waefi ions iire afes^at iS) tUM^ 

brsi^fui « of m mm m m a«. siirSiss ©i^ses a to pdusj taii i:n 
fiicij charge.; sto of taes$ ca^JOPS foin 'With ths RW-brane whsa. it is 
a^oy^d t?^G»o!^ ee^urroanain^ eis^i^i;^, oiviiis to a "a^srig of ?her^ o-itiiide ;>f 
iCi^s t i^ov^ freaiy. Tl^e aotsnsai ;it thi) piane of mm mm. 



of exiBcaib,iai' ilakl, wMcb ia ;:i),en timif (srted m ti:<e aeli, KeeeiJfo^ 
aidifife^? mdoc0;ib occurs vaieii seleciad liioiecules in Wia, cxiiacaliib 
tar fiiiid ilipaids) biod to specsEc receptsjra die outer aurfeca of the 
plasm inefabsiiie: ti5.e ligand-baui^d r ecep!,or^ liiaa ^vtiiiniiata ilie adjacea;; 
|5l;iaaia ineinbraoe to invagiBate, The^a liwagiiiatiooi: wkicii arc caliad 
mated piU h^miB tiiei.r cyti)aoiic aurincaaare liiisd by proteins aoch aa 
ckilub^ and cmom fosat^ sealed amid msicks ti]at i:(?aiai ii liiO racaiv 
to,r'bnaad ligsnds.. These vesiciea ilnai fuse ^ati). otlia,!' iaiiacdiala; ^d- 
des.G&l p#»e'tb^Jt cars be trsnsponed' within, ceilii. 

Suf1^:Ce Ciiarp and. Transmembrane PmrM 

MMq ph(fSpliMs, m.0leties in the bead, groups of aieaibraae 
.lipids tiselo a nsgatlv? mrjm dmp Ut attracts eate is tlie 



):im'M Oi^rs€ \mi^>^ O'^^ um^ 



mm% media toward tk mmhmt mktt The is a 'gradid 

(% 1-28). The pDliititkj M the pkse offcr wkn iht- siJieji^kssie 
moves taigh tk swunclkg hx\mm milm is c&]k(l the ^^^a 

■poteolisl;- caKiiac Parklrp- Jlks^, k m^k, hm. a potential: differ- 
m tk fasting plasnta mejRkans of ahout 90 mV.. Ch<uiges la 
tiie ni^igiiitiide, si'id mn tfe pciajiii of tni^ potenliai: difiWi?rK:s ase't. 
if}rm tliai insKiify ik coafortiiad:^;!^ of i^mdc iiienibrajie 
>;uch as jo?/ c?iiin;jds (Chapter 15;. Aiiboijgh ihe 

abiioiuic potiiBtjai dillrenees ac]'053 (he pisisiiiu a^enibmiie are snia'i, 
tliei create mm^m eiectricai pelerdi^;! gradients i;feca(]^;e iliey occur 
acfON^i a verv thiii i^arke. A poi«i\i:iai diiererici! oi -^O siiV (-90 X 
10"^ V vie^veci fropi widbn tbc ceil) across the sarco!ein!Ti;i which b 
ap|).rai(ia:iaidv 30 1 (3i> x U!" ■ ciii) thick, yfii)resei5;S a, pot&cii;!] mdi- 
&n Qi -mM V/cni (90 x lO"^ V ■;■ 30 X lO"*^ cc'l Ikrinf (jepokir-^ 
ixatioB, this i}0!:c;itiai differeiicc htmm ■K)0 so tlie gradisiit 
reBfSistci •MOOilOO Wcin, This inea!X5 thai tk dmiie m ^mmm^ 
bmne poitnlial gradietu is ahoiit 4(K!,00i) V/ciii: Thest large clxititg^iJ k 
piMiiM gmdieiti Cicpiaiii how whaisfieis to besniall diasge^ is trans- 
iJiembiMe poiential leiseraie pow(!]'fij] foresi; iki m open aad dose 
iooci^asnseis, 

Aliens IX Le^vis |, i?i a!, M>)k«tsr tM cdL j^d d. N«w Yovi:; Ga^iai'd 

AjxSfi's^]!^ liiij Bvjckr AK. Jh imn. Sim^m in.kslt^; stid dma^i^, l<;;id<>a; 

C('';pcT GM, ^X^; A -mmisj i^^iimch. 'Washisgioi;: DC; ASM I'ti^k COiiii, 

.Dsviiti TM, si, Is^CdiiS i;/ UothmiUiv X:;iv- iirfk: Wiiey-Lisi, ly^J? , 

Finea)! |ip C::i:?!iisfi Mid;?!} RIl MiifiiiriXiWi md ikk c^lkla? iumwm, Oijrd; 

1999, 

Mm^idiii^^ mzif!^k^ Ymt Wikv: WU-^. 
i}ui>a i:X j'ji! };;f;kMli!;'^i!?jj>|v ai idkky '^i^m^i;. l/i^sxsi^ ?ai fy^:\ 

, R;>iJ«t{*s m 1% J!5?(y ??;iiJSfl>B^«s. CiiS5!)d%e: O^iiJt ^® 
&;rjffir JR; iXfer Cardiac Kiiidc: daa?ivi;vi^iie,(i*i Cfjiis a5>!i 1«; dc Cmv- 

SoaiS5«!- IRj iohi;'>9!\ BA. lirjiMriseiUfi ci ciirdiiCiiSKSck;. in: Bii^isi: RM, ^jSiJfslakii; >i, 
i%^i<j^lot U.SvsM 



Aiiikj'Jwi KM f}9 SY The ari-!:!i;:cti<;^ of ib$'vi:!i;.^ ;;«it::, :>;,r:wve;;i:s;i.:iar 'Mtii^Ki m. 
Mm( AE, A?M Mii^nu v;j;ve ui^pi^jati;:, A, spai-iria^': «t iiOiffijjitiiy jiusvai;^ 

t>e:'!;c RM; l,>;vy J,ti:;'. c;;;;X£ii;:;iS;;;;;;;'- y^ft-Si(;&|y, Si. Lciiii.; CY Misiyv. 

B;]oa;S!>!;) F Yk,:i ki: Sk;r;i.ckr AH. ;i:5;l B-?yps ^isfXiis^i;;; p^ptidsijijjhvsio!';^ , 

;!»C!K>do;()§- ;;:y« !:':;au;ai ;;■;;:. Qmismi: Rui 'M :;it:X(2-X^i^. 
?i;>:;iV;i|;;:et j:vl::i;er Dschi*!-: C, X i. i^iX;? ;ype:v;j;u; ,aiva,;;i ivp« k i;;s;^jar: ;iiv;»( a;i;:i 

iki;f;;af:i-i D].., Tk er;:i;xsr4iw;;, Xrf« Kt:? :XSXT!,,2fX"2"l 

Cher; CA^XkiiiJiai; 1)1 kpM^ii d Q by covafcfsi ai^jdif^oi^oa Onj^w 

OS';. Cvssro^:' iH k GatowJlae.? fs&«; the hssrt and A''v««{ /<>r' 
imM:16X.2a^ ^' ' 

R)f,J<);: TiM, Okiift EM, K:ifk B. -Tk hii:tf)ios;ii,a! iiiffiil t>c;fit (;t staie c&ais.? si?Ovgj#i 
j^^i^i S'akf^fia;; 0^; i3.iid(3n il h;oViSjy anil a;izvjsidoi^v of psfeiii N>;yr!i&vi;^- 
fefeit T5t, s;;j;i!rfF IM, Klas^f^ GA. ^imM kkmihh h th« vtavifs lit 

Galjjca!^;; t;;i, KsX;ifs ri ChristiipfiC, al .DfiJ^!i^)pl^iji!^i is rs^uiri'd <;;>ri|k ^f'vsi^jDiiieni 
ai.sejab)^ of mmiOis^i i^in;^;skii i!sa|L i Cdl'M ]mu$- 

Q^m AM, Grav?;i ].H, Sfjiikj; HE, el si I snf;r{)«;d p»atfe« d i^mzsM afetnufe 
is perJu5io;v5!Bd kf:;;i!i ::.x;;;;i;as. Sn, Sinpi ?ii Dixon IMC, Bsfijish KE. sX 

Goidbi^jp A!,, i^igiwy DR, l;st Ckii^;^ M feciais is fiii);iaii i1j!^siolo^s^ M As? 

Giikikr?;;:; AX Aj:;a;';i:. ;..A, llSliid-rf; JM^ ft X. i-^Ciai d'ii'mii iji paysioXiiiy; xi{f:;>is;;-iii> 

«^f'h XNifiiic asid figisii;. Xr?;: X;;f; ArM f:XA 20'X;XSi;Dpi X:X>^eX4?2, 

Orati: KB ^xMUrX :ka ;:i Xar ■::;Xi;ocuiie oX.X: CkiMon 5%jX2XO:-XO>: 

.tetta EI tolik Kfi)-!st?v oC th? ;?il v^iAdt ImoM&n M ics-w 4' 
tS2X-]TaX 

ffeviiiibi ti, Lux {<l, %i::,Bi; « si. Reiaco;! f;f<';>i;iT!i- aXai ^c;iv<itivj>; m(iixc^avmi^:^- 
ji^arv CG, ix:W;y Ofi. QiM^;t iX cai-ik PiiricSniaTikri. Am I Ph>;::hl 

H>-'te« .10; Masf)5 ■teJqaes tesiisisig rs^Jjjsrs' «iS(i dj'ii^wMaa'Xa^: ;:,>?;■;!■> 
ti^f*:?;; .s ossv^satk -i tjia Mto? ^siil Ws'k ?fe^Vi«£:-6 ocii;.io-$(>Xj;:a 
tf5 tyrfacapte;^ iti a(;s^ mi h& Isi- ?«l..fi. Hfe S, al Th^ 

■r?:x..f'S(i ■' 
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kiml^M I Vm Mure ss a imr^i ot CiitdiK sujs^. f 'aic M 
MsM: Kviilvirsg c>)5;qi!^ of fer; ^iitii^. cwjSisij? fcsace; $ii<iJiu:ici:i8;:bv 

m AM. Tjsns'k^tfc' a,ci;k an-i ^id^i^ f!?sth, (BfiiiaiiJ; Ck<:i;kti(}n mm. 



ifefe liH. tisrdisi; t(Hi.(r;is;ii<iii mA. CiKitkmh 'mm 

M. IL Ssrgef :|), hfiKis « tin; !;;Slii;jj;,>, Affv ^i4,S95.^&i 

>ienv<:d !!■;/••): i^Srs;; :u;:;!i ;wr!;i;:b;!S()j;;i ••isdi;:;;:;! h i^^ );itjv atki;; sud iifciiiso iietejo- 
■U;;i A, Xi;;!5 YE Ik -miiMm 'Jmc- giJiit*i«s its tw i:« grS t'ol^wton^d 

>nii!fv!!isi!9i !>>)'mrdmi. Nsv "^lim, i!;y4;i49: 
^ioacjiii^;! Ci,, W?jj;.g K. Afdulj-cluT); « lira liii;; ii!iii;;wr!-Z-§;; iii?)dii:R; ksi itelj^ 

■isjfi p^ikit<}5;te5 prste, Bi(?f:/p ^f^te A.;:f<? i9ij;^;,t45;l"ji5. 
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0J>,-tefe HM. Pates D?, ?i ?l FlbtvcyteEoa k csj^s kit v:y;iri.da diji^ 



